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Introduction

With the successful recolonization
and reintroduction of wolves (Canis
lupus} in parts of the western United
States (Bangs and Erires, 1996: Bangs et
al., 1998} and the natural expansion of
wolves in the upper Midwest (Fuller et
al.,, 1992; Thiel, 2001}, managing con-
flicts between wolves and livestock is a
growing issue for livestock producers,
resource professionals, and the general
public (Mech, 1996). Uniike the coy-
ore, (Canis latrans) where a great deal is
known regarding the biclogy and ecol-
ogy of depredation and methods for
managing it (Knowlton et al., 1999},
very little is known regarding patterns
and processes of wolves preying on live-
stack and effective ways to mitigaze this
conflict. Understanding the ramifica-
rions of growing wolf populations for
livestock production and successfully
managing these problems will require
knowledge of depredation patrerns,
wolf ecology, livestock husbandry, and
the effectiveness of diflerent rools and
techniques to manage wolves. As wolf
populations expand into more agricul-
tural areas (Mech et al., 2000} such
knowledge will become increasingly
important. _

Here historic records were com-
pared to current data on welf depreda-
tion rates and wolf management rech-
niques relative to the wolf’s status on the
endangered species list. The chjecrives
were to synthesize the history of wolf
depredation and management, present
current data of wolf impacts en live-
stock, and speculate on the future man-
agement of wolves so thar producers can
consider rhe ramificarions of a growing
wolf population and possible mecha-
nisms for decreasing the threat.

Methods

A Web of Science search was per-
formed for articles published on wolf
depredation in the United States and
manually searched bibliographies of rele-
vant published articles. The literature
search included all relevanr combina-
tions of the following keywords: wolf,
livestock, depredation, predation, and
domestic animals. From this literature,
data were compiled for the following
parameters: wolf population srartus,
depredation rates, amount of compensa-
tion paid, and conwol actions taken.
Decpredation rates are presented as rhe
number of livestock killed by wolves
divided by the toral livesrock available
within wolf range.

Data were compiled for the years
2000 to 2007 on the same parameters
mentioned above. Startistics on cattle
and sheep distribution (heep:/fawa.
usda.gov/nass/) were used to estimate the
nutnber of cattle and sheep within wolf
range. Annual USDA-Wildlife Services
annual reports from each state were
employed to determine the number of
cartle and sheep killed by wolves each
vear. Kills were verified by specialists
rrained in doing field necropsies to
determine cause of death and do not
reflect those animals that were deter-
mined t¢ be probable or pessible kills.
Accordingly, the data are conservative.
Estimates of wolf population size, num-
ber of wolves killed each vear, and num-
ber of wolves moved each year were
gathered from one of the foilowing
sources: US Fish and Wildlife Service,
Interagency Rocky Mounrain  wolf
recovery reports (USFWS er al., 2003);
Wisconsin Department of Nartural
Resources annual reports (Wydeven et
al., 2003); Michigan Department of Nat-
ural Resources {Michigan DNR, 1997}

and USDA Wildlife Services-Minnesota
annual reports (Paul, 2002). The
amount of compensation paid in each
state was determined for wolf kills
through one of the following sources:
Minnesota Department of Agriculture,
Wisconsin  Deparrment  of Natural
Resources, or Defenders of Wildlife.

Results and Discussion

Wolf Depredation and Wolf
Management Prior to the
Endangered Species Act

There was very little reliable infor-
mation regarding the impact of wolves
on livestock and factors thar affected
this interaction before the 1970s.
Wolves certainly killed domestic animals
and apparently caused considerable dam-
age in certain areas (Bailey, 1907; Young
and Goldman, 1944; Brown, 1983). But
the accounts were generally anecdotal,
possibly exaggerated, and usually did not
consider ecoclogical and biclogical
aspects that may have influenced wolf-
livestock relationships. The paradigm
during this period was that wolves
should be eradicated in part because they
killed livestock (Lopez, 1978; Frirts,
1982; Mclnryre, 1993). Eradicarion was
accomplished primarily chrough the
broad use of poison (e.g., strychnine,
thallium sulfare, sodium monofluorcac-
etare-compound 1080, and cyanide) in
conjunction with trapping (e.g., pitfalls,
snares, steel traps), denning (finding
dens and killing all animals associated
with rthe den), aerial shooting, and sport
hunting (Broewn, 1983; Cluff and Mur-
ray, 1995; Mclntyre, 1995). I[nitially the
eradication efforrs were financed by live-
stock producers and state bounty pro-
grams that supported professional
“wolfers” but because of inefficiency and
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Table 1. Mean values for 2000 to 2002 of wolf population, number of wolves
killed or moved annually, and compensation paid annually in states with
wolves.
Wolf # Wolves # Wolves Auinual

' population killed annually moved annually compensation
MN 2,600 134 0 $ 732531
W1 305 0 9 $ 52,280
M] 283 0 5 $ 1323
MT 134 14 3 & 23,093
WY 188 4 0 $ 15,224
i) 234 11 4 £ 12,141
NM/AZ 29 0 4 $ 6251
Sum 3,773 163 30 $185,563

Endangered Specics List, and, as such,
lethal control of wolves subsided. In
1978 the wolf’s status was changed to
threatened in Minnesota to allow tederal
biologists more flexihility with controt-
ling problem individuals (Fricts, 1982).
Orherwise, wolves remained endangered
in the lower 48 states. As a result of pro-
tection, and despite the 1978 change in
this state, the Minnesota woif pepula-
tion grew steadily from approximately
1000 in 1974 ro 2500 in 1998 (Fuller et
al., 1992; Berg and Benson, 1999). In the
late 1970s and early 1980s, dispersing
wolves from Minnesora began colonizing
parts of Wisconsin {Wydeven et al,,
1995; Thiel, 2001} and Michigan
{Michigan DNR, 1997). Populations
grew steadily in each state and numbered
approximately 330 in each state in 2002,

flaud, the U.S. Biclogical Survey hired
professional trappers in the early 20th
century to remove wolves primarily in
the western United States {Lopez, 1978;
Brown, 1983; Mclntyre, 1995.). By the
early 1970s, wolf eradication was nearly
complete in the United States exceprt for
a small population that remained in
remote wilderness of northern Min-
nesota. Throughout this period other
methods occasionally employed to
decrease depredation were fencing, shep-
herding, and improved husbandry
{Brown, 1983).

During the 1800s and early 1900s,
densities of native ungulates {deer,
Odocoileus sp.; elk, Cervus elaphus; bison,
Bison bison; and antelope, Antilocapra
americana) were dramatically reduced
through unregulated hunting. Concomi-
tantly, densitics of domestic livestock

In the western United Srates,
wolves dispersed from Canada in the late
1970s and began to naturally colonize
northwestern Montana {Ream et al.,
198%; Pletscher et al, 1997). In 1995
and 1Y¥6, wolves trom (anada were
reintroduced into Yellowstone National
Park and central Idaho as experimental
non-essential populations. This designa-
tion allowed greater flexibility to man-
age problem wolves despite their status
as endangered species. Wolf populations
grew steadily in Idaho, Wyoming, and
Montana rthrough 2002, to where they
occupied most remote areas in these
states and were becoming more common
in agricultural areas {USFWS er al,
2003).

Depredation Rates

The first studies of the impact of
wolves on livestock began in Minnesota
and are derailed in Fricts (1982) and
Frirts er al. (1992). Mack et al. (1992)
summarized data from this work and
found thar in Minnesota from 1979 10
1991, annual depredation rates averaged
0.12 cawle/1,000 available (range: 0.04
to 0.18) and 2.37 sheep/1000 available
{range: 0.03 to 7.04) (Table 2). Our data
for Minnesota from 2000 to 2002
showed a mean depredation rate of 0.22
cattle/1000 available (range: .17 to
(0.26) and 1.81 sheep/1C00 avatilable
{range: 0.33 to 3.84) (Table 3).

In Mentana, Mack et al. (1992)

were dramaticatly lf‘“rcaﬁfd throughout Table 2. Wolf depredation on cattle and sheep in northern Minnesota, 1979 to
much Of_ the Unired btatels.- These 1991 (from Mack et al., 1992 and Paul, 2001.)
changes in ungulate compesition and
dc:r?s1ty very hk(?ly mgeased the rare at Number of Livestock Losses/1000 Available
which wolves killed livestock and con- Available Killed
F“bumd o the wolf’s reputation as a Year Cattle  Sheep Cattle  Sheep Cattle  Sheep
livestock killer (Brown, 1983). By the 1979 770970 30.839 17 1 0.08 0.03
time ungulate populations’ began to 1980 225,244 32’950 16 56 0.07 1.70
rebound in the later 20th century, most 1981 2415291 39‘569 30 110 012 2.78
wolves had been eradicared. Because 1082 241}742 34’698 24 12 0.10 0.35
large populations of native ungulates and 1983 242)156 29’827 35 29 Q.15 0.97
abundant livestock have never heen 1984 242‘589 24!9‘56 10 Y 0.04 3.69
studied in relationship to wolves, there is 1985 243!021 20'085 23 75 0.10 3.73
lictle known about the impacts that 1986 220’141 15'904 26 13 012 0.82
wolves mighr have on these simultane- 1987 220!141 15‘904 24 9 0.11 0.57
ously present native game and livestock 1988 220:141 15:904 31 68 0.14 4.28
populations. 1989 220,141 15,904 40 47 Q.18 2.96
1990 220,141 15,904 37 112 0.17 7.04
Recovering Wolf Populations 1991 220,141 15,904 35 31 0.16 1.95
(1974-2002)
Mean 229,066 23,719 27 50 0.12 2.37
In 1974, wolves were placed on the
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summarized depredartion rates of coloniz-
ing wolves from 1987 to 1991 and calcu-
lated a mean depredation rate of 0.04
cattle/1000 available (range: 0.C to 0.08)
and 0.21 sheep/1000 available (range: 0.0
to 0.88) (Table 4). From 2000 to 2002,
we calculared a mean depredation rate of
0.02 cattle/1000 available (range: 0.02 to
0.03) and 0.59 sheep/l1000 available
(range: 0.09 to 1.05) (Table 3). Overall,
from 2000 wo 2002, wolf range in the
lower 48 states exposed approximaiely
1,894,000 cattle and 208,649 sheep to
the presence of wolves. There were about
3,773 wolves thar killed an average of
153 cattle and 136 sheep per year.

The losses we report wete those ver-
ified by USDAJAPHIS/Wildlile Ser-
vices; actual losses were greater by an
unknown amount. This is an imporzant
area of research because compensation
programs were primarily based on the
number of verified losses. Frem 2000 to

results. First, the overall impact of
wolves on the livestock industry was
small relative to other factors, such as
disease, coyote depredation, birthing
problems, weather, and accidents. How-
ever, our analysis does not consider spe-
cific spatial location of kills and the
degree to which kills were clustered for
particular producers. Ofren it is found
that kills are relegated to a few ranches
(i.e., hot spots) and that wolves can have
a significant economic impact on these
individual operations. A number of stud-
ies of livestock losses te carnivores
demonstrate the presence of hot spots, or
small areas that have recurring attacks
on livestack by carniveres {Iritts et al,,
1992; Cozza et al., 1996). For example,
Stahl et al. {2001) studied lynx actacks
on sheep in France and found char cer-
tain geographical areas that covered only
0.3 to 4.3% of the toral area where

attacks occurred accounted for 33 te

* Table 3. Number of livestock available and killed by wolves and depredation 69% of the attacks. A number of factors
rate in Minnesota, Wisconsin, and Michigan for calendar years 2000 to 2002. are hypothesized for causing hot spots,
Number of Livestock Losses/1000 Available ?;Ei?ilc?lﬁzizi l til—::lb?;dzrjé]: t;):ci

Available Killed availability of wild and domestic prey,

StatefYear Cattle Sheep Cattle  Sheep Cattle _Sheep habitar characteristics, and the abun-
MN ZC00C 380,000 15,100 95 1_9 C.25 1.26 dance of predators. Mech et al. {2000)
MN 2001 380,000 1?!100 64 e 0.17 0.33 compared Minnesota farms that experi-
MN 2002 380,000 15,100 97 58 0.26 3.84 ence chronic depredation by wolves
MN Mean 380,000 15,100 85.33 1733 Q.22 1.81 killing cartle to nearby farms without

n chronic problems. Of 11 farm character-

W1 2000 360,000 1?!‘699 6 0 0.02 0.00 istics measured they found that chrenic
WI 2001 360,000 15,699 11 0 0.03 O'OQ losses occurred on larger farms, farms
W1 2002 360,000 1?,699 31 7 ) 0. IO_ 0.45 that had mote cattle, and farms that had
W1 Mean 360,00C 15,699 18.0C 2.33 0.05 015 herds farther from human dwellings. No
other habirat or husbandry practices

MI 2000 54,000 2,600 1 0.04 Q.33 were tound 1o diifer significantly
MI 2001 54,000 2,600 0 0.06 0.00 between depredated and non-depredated

| MI 2002 ?4900 2,600 0 O'Oé 0.00 farms; whether or not these are general
MI Mean 54,000 2,600 67 0.33 0.05 0.13 patterns that hold rtrue for wolves in

other geographical areas is unknown.

Second, the rate of depredation
remained relarively constant for Min-
nesota (1979 ro 2002) and Montana
{1987 to 2002). These data should be
interpreted cautiously because of the
uncertainty asseciated with the estimare
of the number of cartle “available” to
wolves. But assuming depredation rates
were fairly accurate, these data indicate
that the size of the wolf population did
not affece the rate at which they killed
livestock. [t is possible that this rate may
increase in the future as wolf populations
continue to grow and expand into agri-
cultural areas where the availability of
livestock and natural prey are different
than in more remore wilderness areas.
Mech {1998) analyzed this issue and rec-
ommended consideration of pre-emptive
control to reduce economic cost of con-
trolling wolf populations that are grow-
ing into agricultural areas.

2002, 331 average of $1.85’5fé4 lper Yeali Table 4. Wolf depredation on cattle and sheep in northwestern Montana, 1987
was paid In compensation for [lvestoc to 1991 (from Mack et al., 1992 and U.S. Fish and Wildlife Service et al.,
losses by state governments and Defend- 2003)
ers of Wildlife (Table 1). Qukleaf et al.
(2603} estlmated that the detection rare Number of Livestock Losses/1000 Available
of cartle killed by predators reflected Available Killed
or.le—.eighth. of the actual lgsses to wolves Year Cattle  Sheep Cattle  Sheep Cattle  Sheep
within rtheir study system in ldaho. They 1987 75067 11338 3 0 008 0.8
also speculated thac the detection rate 1988 75‘067 11’338 0 0 0.00 O:OO
varied depending on the type of terrain 1989 751067 11’338 3 0 0.04 0.00
and vegetation characteristics of the 1990 75!067 111338 5 0 O:O? OiOO
grazing allorment {i.e., less rugged and 1991 ?5!067 11‘338 7 7 0.03 0.18
less timbered country would have higher ’ '
derection rares). Mean 75067 11338 3 2 004 0.1

Several patterns emerge from these
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Table 5. Number of livestock available and killed by wolves and depredation

rate in Montana, Wyoming, and Idaho for calendar vears 2000 to 2002.
Number of Livestock Losses/1000Q Available

Available IKilled

State/Year Cattle _ Sheep Cattle  Sheep Carttle  Sheep

MT 2000 730,000 80,000 14 7 0.02 Q.09

MT 2001 750,000 80,000 12 50 0.02 0.63

MT 2002 750,000 80,000 20 84 0.03 1.05

MT Mean 750,000 80,000 1533  47.00 0.02 0.59

WY 2000 80,000 50,000 3 25 0.04 7 050

WY 2001 80,000 50,000 18 34 0.23 0.68

WY2002 80,000 30,000 23 0 0.29 0.00

WY Mean 80,000 50,000 1467 19.67 0.13 0.3%

ID 2000 210,000 25,000 15 48 0.07 1.92

1D 2001 210,000 25,000 10 54 0.05 2.16

1D 2002 210,000 25,000 9 15 0.04 0.60

ID Mean 210,000 25,000 11.33  39.00 0.05 1.56

Last, our data demonstrate that
sheep were more vulnerable to attack by
wolves than cattle {sheep depredation
rates were 2 to 30 times higher than cat-
tle depredation rates; Tables 2, 3, 4, and
5). The reasons for higher depredation
rates on sheep were unknown but may be
assoctated with the generally higher vul-
nerability of sheep to predators or the
fact that sheep flocks tend to be less dis-
persed than cattle herds, possibly facili-
tating surplus killing. Of interest is the
observation that surplus killing by
wolves is commonly associated with
sheep but not cartle. Because a single
depredation incident, or series of inci-
dents, may cause the death of many
sheep, sheep depredarion numbers show
mere erratic, unpredictable variation
from year to year than cattle depredation
numbers.

Depredation Management
Techniques

From a management context, the
listing of wolves brought about the
development and use of new non-lethal
tools and rechnigues to manage wolves
(see Smith et al., 2000a and Smith et al,,
2000b for a comprehensive review).
These included: translocaring problem
animals {Fritzs, 1982, 1985; U. S. Fish
and Wildlife Service et al., 2003) uriliz-
ing scare devices (Shivik and Martin,
2001; Shivik et al., 2003; Breck et al.,
2002), dogs {Coppinger and Coppinger,
1993), barriers (Musiani and Visal-
berghi, 2001; Musiani et al., 2003}, and

improving livestock husbandry (Fritts et
al., 1992; Mech et al. 2000). Transloca-
tion was fairly effective ar stopping
depredation problems but was expensive
and time consuming and relied upon
there being vacanr areas available to
release caprured animals. This practice
was phased out in all recovery areas as
populations grew. The effectiveness of
non-lethal tools, such as scare devices
and fladry, varied but in general worked
for short periods {a few weeks ro a few
months) and only in small areas. In
many situations with problem wolves,
non-lethal rechniques were initially uri-
lized unril they failed at which time
lethal control was implemented. '

Lirtle is known abour how altering
livestock husbandry would affect depre-
darion patterns, but it offers promise as
to a long-term, non-lethal solution in
some situations, especially in areas
where livestock are grazed on open range
with little management. Alteration to
husbandry might include aggregating
livestock, managing birthing dates so
young are not bom on the open range,
and herding vulnerable animals at night.
Robel et al. (1981) evaluared the effec-
tiveness of several hushandry methods
for reducing sheep losses to coyotes by
correlating the number of sheep killed to
a number of factors that varied among
109 sheep producers in Kansas. Produc-
ers experienced less predation loss when
they hauled away sheep carcasses,
lambed during particular sessons, con-
fined flocks of sheep to comals, and

maintained larger flack sizes. Evidence
from Europe also suggests rthe impot-
tance of husbandry. Greater losses of
livestock to camivares occurred in Not-
way, where sheep were entirely free-
ranging and unzattended, than in France,
where livestock were constantly herded
or confined at night (Stahl et al,, 2002).
Though these and other studies suggest
husbandry can be effective for reducing
conflict with camnivores, our knowledge
regarding husbandry and its effectiveness
with different carnivore species, espe-
cially wolves, is very limited (Knowlcen
et al.,, 1999). It is alse important to con-
sider the increased costs and possible
deleterious consequences associated
with altering husbandry pracrices (e.g.,
confinement of livestock may lead to
overgrazing) bur lirtle research has been
done on this topic. ‘

Lethal control of problem individu-
als and packs became more common in
all recovery areas as wolf populations
arew. Lerhal removal usually was imple-
mented when non-lethal procedures
were impractical or ineffecrive. During
2000 to 2002, an average of 163 wolves
were killed annually in the contiguous
United States (primarily through trap-
ping) in contrast to none or a few during
the earlier vears of recovery. It is likely
that as wolf populations conrtinue to
grow, lethal control witl be used more
often to control problem wolves. Lethal
control of wolves was primarily carried
out by federal biologists and managers,
and this is likely to remain the paradigm
for some time, even after wolves are de-
listed. Depredation management from
1974 to 2002 was related to the size of a
recovering population. At small popula-
tion sizes, much time and effort was
devored rowards minimizing depredation
problems through non-lethal manage-
ment, but as populations grew, lethal
removal of selecred individuals or packs
became mare prevalent.

After Delisting

The inirial listing of wolves as
endangered species in 1974 delineated a
critical juncture for rthe way wolves were
managed in the United States. It is likely
that the impending delisting of wolves
from rhe endangered species list will
present another crirical period in that
lethal management will become more
common in areas where recovered wolf
populations are at sustainable levels,
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The amount of lethal control allowed,
how it is carried cut and by whom will
likely vary depending upon how individ-
ual states set up thei wdividual waage-
ment plans. In the short term, most wolf
control is likely to continue to be dorne
by USDA Wildlife Services, under
arrangements with the states similar to
rhose for coyote control. When delisting
oceurs, it is likely that greater authority
will be given to the local communities
that have to interact most closely with
wolves. Non-lethal conrral will likely be
de-emphasized because of the high costs
and {imited effectiveness, although
research into long-term, non-lethal solu-
tions will likely continue because of the
strong interest in alternative manage-
ment strategies.

Future research regarding lethal con-
trol will focus on determining if problem
individuals exist and figuring out ways to
selectively remove these animals. Prob-
lem animals are those individuals that
kill mere livestock per encounter than
other individuals within the population
{Linnell et al., 1999). Problem individu-
als are known to exist for a wide range of
carnivores  including  grizzly  bears
(Anderson et al., 2002), coyotes (Till and
Knowlton, 1983; Conner et al., 1998;
Sacks et al,, 1999), lvnx (Stahl et al,

- 2002}, wolverine (Landa et al., 1999),

and jaguars (Rabinowitz, 1986). How-
ever for wolves it is difficult to determine
whether or not problem individuals exist
because of the social nature of packs,
Thus it may be more realistic to investi-
gate whether or not problem packs
develop. If so, the causal mechanism
leading to the development of problem
packs would be important to investigare.
Understanding what influences carni-
vares to atrack and kill livestock will aid
in the development of tools and tech-
nigues that managers can use tc mitigate
problems. It is likely that the most signif-
icant advances will unire knowledge of
livestock husbandry, technology, and car-
nivore behavior and ecology.
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